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Introduction: Venous thromboembolism (VTE) is a combat casualty adverse event reported
to the Department of Defense. Rates of symptomatic and asymptomatic deep vein thrombosis (DVT) and pulmonary embolism (PE) in trauma patients are as high as 44 and 24%, respectively. The current guideline is that all major trauma patients receive VTE chemoprophylaxis. This practice exposes those not at risk for thrombosis to potentially serious bleeding and there are no adequate laboratory tests currently available to target anticoagulant prophylaxis to those that need it most. The central hypothesis of this proposal is that traumatic injury results in the release of procoagulant and pro-inflammatory factors found both in plasma and microvesicles (MVs) derived from blood cells and injured tissues. The specific Aims of this study are:
Aim 1: • Identify cellular origins and quantitate procoagulant microvesicles (MVs) defined by cell specific markers in patients with acute traumatic injury. • Determine the basis of differences in thrombin generation.
Aim 1 will be achieved through a prospective cohort study of patients with major trauma, estimate the distribution over time of procoagulant MVs concentration by cell of origin and thrombin generation.
Aim 2: Develop a predictive signature for a pre-thrombotic individual: thrombin generation concurrent with thrombogenic microvesicles. Body: To complete Aim 1, a single center prospective case-cohort study was begun on February 2, 2011. This report is the third annual report (notification of award: October 2010). The annual reports which covered Tasks and Milestones achieved during funding years 1 and 2 were submitted on October 2011 and October 2012, respectively. This current report will cover the overall progress made during the funding of this study thus far.
Task 4: First 32 Months of Patient Accrual/Milestones:
Patient Enrollment: As of October 1, 2013 (during the first 32 months of study), 1858 acute trauma patients were screened for study enrollment, 865 patients were excluded, and 956 acute trauma patients and 89 healthy volunteers were consented and enrolled in this study. The reasons for excluding the 864 patients were: 353 met exclusion criteria, 263 declined to participate, and we were unable to obtain consents from 249 patients. We are currently awaiting response from 37 mail-in consents sent to trauma patients who were discharged prior to obtaining consents. To date, 58 patients developed VTE within three months after trauma. This is about 22 VTE patients lower than projected target number of 80 VTE patients needed to be enrolled assuming we were to finish the study as planned on December 201 3. Because the proposed study required approval by DOD prior to patient enrollment, about 4 months lapsed between date of the award and patient study enrollment. A 12-month no-cost extension has been requested in order to give us an opportunity to enroll additional trauma patients to meet this goal.
Laboratory Progress: 1. Flow Cytometer Equipment Change: As reported in our October 201 2 Annual report, we had to switch from Canto-1 to Canto-2 flow cytometers to perform the microvesicle analysis. This decision was made after multiple attempts to fix Canto 1 equipment due to increased non-specific signals evident while running patient plasma samples. This change led to an extra 3.5 months expended on re-running the patient samples on the new equipment, Canto 2. This step was taken after consulting with MY experts from within and outside Mayo Clinic. Additionally, we have identified a commerciall y available reference plasma, Cryocheck (Precision Biologic, Dartmouth N.S.), which was used with every carousel of patient samples to ensure that our technique for MY analysis was consistent. Between two experienced research technologists, the coeffcient of variation (CV) using our reference plasma has consistently been in the 13-15% range.
Calibrated Automated Thrombinogram (CAT):
As reported in our October 2012 Annual report, we have added a variation of the CAT assay. In addition to the performance of standard "PPP" CAT assay (5 pM Tissue Factor/ 4 uM PCPS -phospholipid), we performed, in parallel, "PRP" CAT assays using 1 pM Tissue Factor only. The rationale for performing the PRP assays was to assess for endogenous phospholipid (PL) as vehicle for thrombin generation and test the hypothesis that trauma patients will have increased plasma procoagulant PL as a result of tissue injury. As with the MY analysis, Cryocheck was also used as reference plasma for every microtiter plate of patient samples processed. Between two experienced research technologists, the Coeffcient of Variation (CY) has consistently been :::; 9 %. We also observed significant lot-tolot variation with the "PPP" reagent (Thrombinoscope BV, The Netherlands). See Appendix Figure 1 below. For example, we observed a 26% between-lot difference in thrombin peak height (nM). The data presented in the subsequent sections of this report are adjusted for lot to lot variations.
3. Demographic data: The mean± SD Age (years) and injury severity score of trauma patients were 48.0 ± 20.9 and 14.5 ± 10.7, respectively; 69.7% patients were men and 12 patients died during their hospitali zation for trauma. The trauma patients had the blood sampled at baseline, 6 hours, 12 hours, 24 hours, Day 3, day of VTE (if diagnosed) and on day of discharge (DC). Based on time of patient's presentation to our Trauma Center and logistical reasons such as earlier discharge, not all patients have had their blood drawn at all these time points.
4. Laboratory Results: CAT and MY analyses have been completed on plasma samples from 426 acute trauma patients and 89 healthy controls; we present preliminary statistical analyses on 4 15 patients who had CAT analysis performed of which 387 patients had platelet derived (CD42a), procoagulant (Annexin V positive) MV analysis performed. Data are presented as median and median (min, max) unless otherwise noted; P value :::; 0.05 was considered statistically significant.
Legend: 
b) Trend Plot Over Time: As we analyzed more plasma samples for CAT and MY analyses over the past 12 months, we analyzed data from 415 enrolled trauma patients. We initially ran trend plots on all CAT samples of all415 patients (approximately 1900 samples); we then focused on CAT data samples from patients whose blood was drawn prior to any chemoprophylaxis based on in vitro heparin study done in our laboratory. Please refer to Appendix Figure 2 which shows that when unfractionated heparin, equivalent to the levels which would be found in blood of patients who receive chemoprophylaxis, was added to reference plasma samples during CAT analyses, thrombin generation was significantly impaired.
Hence, the following figures show trend plots of samples from patients prior to any heparin administration; with grey lines representing non-VTE patients, the red (thin) lines representing patients who developed VTE. The thick lines (black and red) represent a Loess smoother fit that show the overall trends in these patient groups (Non-VTE versus VTE, respectively). The figures focus on the first 20 hour blood draw after injury as we had most data points during this time period.
i) The following four trend plots pertain to CAT variables Lagtime and Peak Heights utilizing PPP and PRP reagents, respectively: 
... As evident in these trend plots over time, no overall specific pattern of CAT variables and MV counts exist during the early period (within 24 hours) after injury. Receiver operating characteristic (ROC) curves generated thus far reveals that, in conjuction with age, sex and ISS, the Lagtime and ttPeak (using the PPP reagent) best correctly predict future VTE with model concordance of about 80%.
We are currently performing similar analysis for the MY variables.
Key Research Accomplishments:
• Standardization of methods to perform the MV analysis by flow cytometry and thrombin generation by calibrated automated thrombinogram (CAT). • Screened 1858 trauma patients and enrolled 865 patients and 89 volunteers into the proposed study.
• Plasma sample analysis of 426 patients performed each patient having an average of three samples for CAT and MV analysis. • Through a prospective cohort study of patients with major trauma, we estimated the post-trauma procoagulant MV concentration and thrombin generation distribution over time. • Patients with "Extreme" CAT variables consistenly have greater injury severity scores (ISS) and were older. • Receiver operating characteristic (ROC) curves generated thus far reveals that, in conjuction with age, sex and ISS , the Lagtime and ttPeak (using the PPP reagent) best correctly predict future VTE with model concordance of about 80%. • Enrolled 73% of trauma patients who developed VTE for eventual data analysis as outlined in Aim 2.
Reportable Outcomes:
• In the evaluation of the trauma patients as a group, thrombin generation is accelerated and elevated early after traumatic injury relative to their time of discharge. • In the evaluation of the trauma patients as a group, there is greater number of procoagulant MVs after traumatic injury relative to their time of di scharge. • Reference plasma should be used in conjuction with patient samples to assess consistency in technique and methods. • Reference plasma should be used in conjuction with patient samples to assess for any lot-to-lot variability of reagents purchased commercially.
Conclusion:
Over the past 32 months since the study inception, we successfully enrolled and analyzed plasma samples of trauma patients. We estimated the distribution over time of procoagulant MVs by cell origin and thrombin generation (Aim 1) and found that, overall, patients are in a hypercoagulable state relative to their time of discharge. As evident on the trend plots over time, no overall specific pattern of CAT variables and MY counts were observed during the first 24 hours after injury. However, for those patients who develop "Extreme" CAT variables do so early after injury and they have consistenly greater injury severity scores (ISS). Furthermore, when receiver operating characteristic (ROC) curves were generated to assess for how well CAT variables (from any non-heparinized blood samples collected during the first 8 hours after injury) correctly predict future development of VTE, Lagtime and ttPeak (using the PPP reagent) best correctly predict future VTE with model concordance of about 80%. Further statisitcal analyses are currently underway to include all laboratory variables collected during first 24 hours of injury in addition to other clinical data, present at time of admission, which may improve our ability to pred ict future development of VTE in the actuely injured.
As outlined in Aim 2, the ultimate goal of our study to develop a VTE predictive signature model for an indi vidual who, based on the thrombin generation and MV analysis, can be stratified into low versus high risk for deep vein thrombosis and pulmonary embolism after trauma. We have thus far enrolled 58 patients out of 80 VTE cases needed based on initial power analysis. As the power of the study is dependent on the number of VTE patients enrolled, efforts are currently underway to re-review the medical records of all enrolled patients within and outside Mayo Healthcare System to ensure that we have not missed any index cases. A 12-month nocost extension has been requested in order to give us an opportunity to enroll additional trauma patients to meet this goal. Once desired enrollment is completed, we will assess the role of CAT and MV variabl es in predicting those trauma patients who subsequent to trauma, develop VTE. In thus doing, bleeding complications related to chemoprophylaxis could be minimized by assessing the blood physiology of individual patients rather than utilizing population-based algorithms. Conversely, it may be determined that other patients require more aggressive chemoprophylaxis than is currently administered.
Appendix: Figure 2 : In order to assess the effects of prophylactic dose of heparin on CAT analysis, we performed CAT analysis of reference plasma (CC) with addition of 0.1 unit and 0.2 unit per mL plasma concentration of unfractionated heparin to the microtiter wells. These values are equivalnet to what we expect to find in plasma of patients who receive prophylactic dose of heparin. We also ran the reference plasma (CC) without any heparin, as well as an additional high heparin dose of 0.4unit per mL plasma. We have found significant decrease in thrombin generation when heparin is added at all three doses: 
